Observation features and evolution process of a long-lived medium-scale cloud cluster have been analyzed in Part I of the present paper. Thermal and kinematic fields and heat budget of this cloud cluster are investigated in Part II. The special attention is given in its formation and developing stages over the Continental China region.
Introduction
Thermal and kinematic structures and heat and moisture budgets of convective cloud systems have been studied by several authors. For examples, Cb cloud systems developed in tropical oceanic areas have been studied by Ruprecht and Gray (1976a and b) and Ogura et al. (1979) .
While a particular kind of Cb cloud systems named "mesoscale convective complex" (Maddox, 1980 ) which develops in middle latitudes of USA has been examined by Bosart and Sanders (1981) .
Medium-scale convective systems are frequently observed also in the Baiu frontal zone. The evolution process, thermodynamic and kinematic features of these systems and associated medium-scale disturbances over the Japan Islands have been investigated (e. g., Akiyama, 1979; Ninomiya and Akiyama, 1971 , 1972 , 1973 Yoshizumi, 1977a, b ; Ninomiya and Yamazaki,1979) .
These studies, however, are limited to the analysis of disturbances in the eastern portion of the Baiu front (i. e., over the Japan Islands and the Pacific area). Recently, it was revealed that some of the disturbances have their origin in the Continental China region and are propagated to Japan (Narikawa, 1980; Ninomiya et al., 1981) . These studies, however, are very brief observational documentations.
To understand further the organized convective systems in the subtropical East Asia in the Baiu season, the analysis covering the whole evolution process from their initial formation over the Continent to their development into frontal depressions over the Pacific region is needed.
The subject has been already discussed in a companion paper (Part I), concerning the evolution process of a cloud cluster, disturbances, cloud and rainfalls, thunderstorms, mesoscale fine structure and periodic variations of convective activity in the cloud cluster, based on GMS IR pixel data, upper air and surface data, and radar data for the whole evolution process from its generation over the Continent to development into a large cloud system of a frontal depression over the Pacific Ocean.
The purpose of this paper (Part II) is to describe thermal and kinematic fields, heat and moisture budgets of the cloud cluster in the formation and developing stages (i.e., the cloud cluster located over the Continent) and to compare them with those in the cyclone-formation stage of the cloud cluster (i. e., the cloud cluster located over the Japan Islands) as well as with the results of the aforementioned papers.
Outline of the evolution of the cloud cluster
In this section, the features and the evolution of the cloud cluster analyzed in Part I of the present paper are summarized.
In the formation and developing stages (12GMT, 12 July*00GMT, 14 July, 1979), the cloud cluster was located over the Continental China region. As shown in Fig. 1 , the cloud cluster was generated at the eastern foot of the Tibetan Plateau at *12GMT, 12 July and propagated eastward with a phase speed of 1000km/day, maintaining its medium-scale cold cloud area (T BB lower than -40*).
Over the Continent, the cloud cluster moved along the southern frontal zone (S-frontal zone), which was extending along *30N latitude circle and characterized by strong low-level winds and weak horizontal temperature gradient. The cloud cluster was accompanied with a weak positive vorticity core in the middle layer ( Fig. 2) , which was thought to be a lee-cyclone of the Tibetan Plateau and propagated along the frontal zone. The magnitude of the vorticity reached the maximum at * 12GMT, 13 July (one day after its generation). However, the vorticity core became obscure in the following 12 hours (12GMT, 13*00GMT, 14) around the east coast of the 
Continent.
After 00GMT 14, the cloud area (area of TBB lower than -40*) of the cluster began to shrink. In these stages, the cloud cluster was composed of mainly convective clouds.
In the transitional and cyclone-formation stages (00GMT 14*06GMT 15 July), the cloud cluster moved from the East China Sea to the Japan Islands, and came under the influence of a short wave trough which was propagated from the northern frontal zone (N-frontal zone) to the baroclinic zone (Baiu front over the Japan Islands). In these stages, the oval-shaped cloud cluster changed into a large cloud system accompanying a frontal depression. In these stages the cloud cluster was composed of both convective and stratiform clouds.
3. Thermal situation a. Large-scale feature
The horizontal gradient of *e850 attains maximum at 35-40N latitude zone throughout the analysis period (Fig. 3) . The zone of maximum *e850 over the Continent extends along the south side of the 300mb jet axis (subtropical jet). The large gradient of *e850 in this region is not due to gradient of temperature, but to that of mixing ratio, while the large horizontal gradient of *e850 over the Japan Islands to the Pacific Ocean is due to gradients of both temperature and mixing ratio. To the south of the zone of maximum * e850, a region of high *e850 (>346*K) spreads from the south China to the Pacific. This high Stippled areas are of potential instability, (*e850-*e500)/*P>1K/100mb.
Black triangle indicates the location of the cloud cluster. *e850 region is horizontally uniform in *e and has potential instability in the 850-500mb layer.
As seen in Fig. 3 , the cloud cluster developed in this horizontally uniform unstable air over the Continent, while over the Japan Islands and the Pacific ocean it developed within the zone of maximum *e850 (baroclinic zone) in association with an upper-level short wave trough.
Over the southern Continental region, there are localized areas of extremely high *e850 (>352*K) in the high *e850 region. These areas are characterized by high mixing ratio. The cloud cluster was located to the north side of the extremely high *e850 (>352*K) areas, associating with a core of the maximum upward motions. The maximum upward motion there was -3mb/h at 12GMT 12, -18mb/h at 12GMT 13, and -9mb/h at 00GMT 14 July, respectively.
Around the cloud cluster, the potential instability tends to diminish. Over the Japan Islands and the Pacific region, the cloud cluster moved along the subtropical baroclinic zone, along the northern rim of the high *e850 region. The moist neutral layer appeared in and around the cloud cluster. The air in the lower layer to the south of the frontal zone (Pacific area) is potentially unstable and has higher relative humidity ((T-Td)SFC=*3*, Fig. 4 ) than that over the southern Continental region.
However, convective clouds did not develop over this high * e850 region, because subsidence in the Pacific anticyclone suppressed development of deep convections.
b. Static stability in and around the cloud cluster
The vertical profiles of potential temperature *, equivalent potential temperature *e and saturated equivalent potential temperature *e in and around the cloud cluster are presented in Figs , which are located to the east side and the south side of the cluster, respectively, i. e., the low-level inflow side of the cloud cluster, is potentially unstable (*e/*p=*3.5*K/100mb), but *e850 does not much exceed *e500 ((*e850-*e500)/*p =*0*K/100mb).
At these stations relative humidity is relatively low, while potential temperature is very high in the lower layer. Therefore (*e-*e) in the lowest layer is as large as *20*K.
On the other hand, the 850-500mb layer at the stations 58203 ( Fig. 5 -a) and 58238 , which are located within the cloud cluster, is less potentially unstable, *e/*p=*2.5*K /100mb, but *e850 exceeds *e500 ((*e850-*e500) /*p=*2.5*K/100mb) and (*e-*e) in the lowest layer is small. This difference in thermal properties between the low-level air at the inflow side of the cloud cluster, which has strong potential instability, relatively low humidity and very high temperature, and the air in the cluster, which has large instability (*e850>*e500) and high relative humidity (see the area of instability in Fig. 10 ), will be explained from the upward motion in the cluster (see the vertical p-velocity in Fig. 9 ) and horizontal advection of *e. The process of the change in thermal properties, however, can not be quantitatively described, because of insufficient density of observations.
The sounding in the cloud cluster is not necessarily the sounding in a Cb within the cluster : The dimension of the updraft core of Cb is much smaller than that of the cluster. None of soundings in Figs. 5-a, 5-b and 5-c is not considered as the sounding inside of Cb. The analysis based on the satellite IR (T BB) observations (see Part I of the present paper) revealed that the top of Cb within the cluster reached up to 200*150mb or even the tropopause. The *e and *e at 200mb over the Continent is *360K.
The air having such high *e (*360K) is found only in the lower layer (850*950mb) in the cloud cluster and/or in the inflow area of the cluster. The heights of the base of cumulonimbus and/or cumulus congestus within the cluster, which are reported in the international synoptic code, are given in Table 1 . Over the Continent, the height of the base of the active connective cloud within the cluster is 600*1500m on the average. This indicates that the low-level air in the cluster and/or in the inflow area of the cluster reaches to the higher level (200*150mb) as the updraft in Cb, though the sounding in such updraft is not observed by the upper air observations used in the present analysis.
A nearly neutral layer, *e/*p=*0K/100 mb is found in the middle level to the north and west sides of the cloud cluster (57178 of Fig. 5 -a and 58150 of Fig. 5-b ), but the relative humidity is relatively low. These stations Table 1 The height of base of active convective clouds within the cloud cluster reported in the international synoptic code.
are located at the region of downward motion of the cloud cluster (Fig. 9) . The dry and nearly neutral layer is considered to result from horizontal and vertical advections of *e. In the special observations over the Japan Islands*, it was frequently observed that the saturated neutral layer exists in the area of active convection, which may be a result of convective mixing (Akiyama, 1979; Ninomiya and Yamazaki, 1979) . In the present case, however, such moist neutral layer is not found within the cloud cluster. This may be due to insufficient density of observations in space and time.
Cyclone-formation stage Because the cloud cluster was located in the subtropical baroclinic zone over the oceanic area, profiles of *, *e and *e around the cloud cluster are significantly different from those over the Continent.
The air in the lowest layer over the ocean is very moist and (*e-*e) in the layer is small (47827 in Fig. 5-c) . The dryness in the 800-500mb layer at 47909 is due to the large-scale subsidence above the inversion in the subtropical anticyclone, while the dry air in the 900-700mb layer at 47807, which is located just behind the cloud cluster, may be due to the medium-scale downward motion compensating the strong upward motion in the cluster.
The features of instability in and around the cloud cluster over the oceanic area, i. e., the potentially unstable layer (*e/*p>0K/ 100mb) in the east to south sector and the relatively stable layer (*e/*p*0K/100mb) behind the cluster, are similar to those when the cloud cluster was over the Continent, in spite of the differences in environmental situations. This indicates that the vertical motion in the cluster, rather than the environmental situations (such as continental or oceanic environment), is the crucial factor to determine the thermodynamic quantities of the cloud cluster.
Wind fields
In this section, medium-scale features of *Severe Rainstorms
Research Project was conducted by the Japan Meteorological Agency in the Baiu seasons of 1968-1971. the wind field in the vicinity of the cloud cluster will be described. Sequential maps of the wind fields at 850, 500 and 200mb levels at 12 hour interval are presented in Figs. 6, 7 and 8. The 850mb wind field indicates the low-level inflow into the cloud cluster, while the 200mb wind field indicates the feature of outflow. The 500mb wind indicates the circulation system in the middle troposphere of the cloud cluster. 850mb
In the formation and developing stages, the cloud cluster was located at the north side of the southern maximum wind zone, where horizontal wind shear is strong. Although the flow with large cyclonic curvature is not found around the cluster, locally enhanced strong SSW*WSW winds converged toward the cluster and resulted in a medium-scale convergence field in the cluster. The wind fields at the cyclone-formation stage (12GMT, 14 July) show also similar feature to that described above. 500mb
The cloud cluster was located in the north side of the southern maximum wind zone of 500mb level in the formation and developing stages (12GMT 12*00GMT 14). The maximum wind zone is evidently seen at 12GMT 12 and 00 GMT 13. It . became, however, gradually obscure to the end of the developing stage (00GMT 14). The flow with cyclonic curvature associated with the cluster is most evident in the wind fields of Fig. 7 at 12GMT 13, when the positive vorticity reached the maximum (Fig. 2) .
At 12GMT 13, the northern maximum wind zone existed about 800km to the north of the cluster.
Then the zone shifted southward to form a confluence zone with the southern strong wind zone. At 00GMT 14, therefore, wind speed around the cluster and to the north side of it was almost uniform and the cyclonic curvature of the flow around the cluster became weak, i.e., the middle-level medium-scale cyclonic circulation system associated with the cloud cluster over the Continent tended to decay. At the begining of the cyclone-formation stage, localized cyclonic wind shear was obscure still at 500mb level. In the fol- lowing several hours, a frontal depression was formed in the subtropical baroclinic zone (the eastern portion of the Baiu front), as an upperlevel short wave trough approached the cluster.
200mb During the earlier period, the upper-level jet (subtropical jet) exists far north of the cloud cluster and seems to have no direct influence on it. After this period, the cloud cluster gradually approaches the upper-level jet. In the cyclone-formation stage (12GMT 14 in Fig. 8 ), the jet axis is located about 300 km north of the cluster.
There was localized strong wind at the north and northeast sides of the cluster throughout the analysis period. At the north side, the wind speed, especially southerly component is large, while relatively weak wind is found at the south edge of the cluster in 12GMT 13*12GMT 14. These winds form localized anticyclonic and divergence fields on the cloud cluster. Similar features, i. e., strong north side winds and outflow (anticyclonic, diffluent and divergent flow) were found in thunderstorm areas in USA. (Ninomiya, 1971; Fig. 7 The same as Fig. 6 , but at 500mb. Fritsch and Maddox, 1981) .
5. Vorticity and divergence fields and structure of disturbance Vorticity and divergence fields of mediumscale cloud clusters developed in Baiu fronts over the Japan Islands have been studied by several authors (e. g., Ninomiya and Akiyama, 1971; Yoshizumi, 1977a) . The detailed analysis for the cyclone-formation stage of the present cluster was not made because the cloud cluster did not pass over the center of the observation network of Japan. It is supposed that it possessed common properties to similar disturbances already studied. Thus the present investigation is confined to the formation and developing stages during which the cloud cluster was situated over the Continent. Divergence DIV, vorticity * and vertical p-velocity * were evaluated on each subdomain enclosed by aerological stations as shown in Fig. 1 . The dimensions of these subdomains are ~listed in Table 2 . Divergence and vorticity were calculated on the mandatory pressure levels, and vertical p-velocity was evaluated by the vertical integration of the divergence utilizing the continuity equation.
Thus obtained * does not always vanish at the top of the atmosphere, therefore, * was corrected lineally in the 500-100mb layer assuming that *=0 at 100mb, as proposed by O'Brien (1970) . Fig. 9 shows divergence, vertical p-velocity and vorticity fields in the cloud cluster at 12GMT 13 July, when the middle-level positive vorticity core associated with the cloud cluster was most evident. Height, temperature and stability fields at the same time are also presented in Fig. 10 . Figs. 11 and 12 show vertical profiles of *, DIV and * in a certain subdomain around the cloud cluster at 12-hour intervals.
a. Vorticity At 12GMT 13, there is a medium-scale core of positive vorticity at the west side of the cloud cluster. The maxima are *8*10-5sec-1 at 500mb* and *3*10-5sec-1 at 850mb, respectively. The cyclonic circulation associated with the cluster is most intensive at the middle level and the axis of the circulation system is slightly tilted to the west with height. At the 200mb level, a medium-scale anticyclonic circulation with vorticity of *-10*10-5sec-1 is. formed over the cluster.
This upper anticyclone was formed in association with the upper outflow of the cluster.
Next, time variation in medium-scale vorticity field is examined. Fig. 11 shows sequential vertical profiles of vorticity in the west and east sides of the cluster at 12 hour inter-* The maximum of * is 8*10-5sec-1 over the subdomain of *3.4*104km2, while the grid point (380km grid distance) value of * is 13*10-6 sec-1 at 12GMT 13 (Fig. 2) .
The latter was obtained from much smoothed wind field. The former reaches the maximum intensity at 00GMT 14, while the latter reaches the maximum at 12GMT 13. As stressed in Part I of the present paper, the most intense rain of the cluster in the developing stage occurred around 00GMT 14, when the middlelevel cyclonic vorticity began to weaken. At the same time, the cloud area (area of TBB< -40*) of the cluster began to shrink . The upper-level anticyclonic vorticity is also found throughout the analysis period, which is the maximum at *200mb. The feature of vorticity field of the cluster in the cyclone-formation stage (18GMT 14) is somewhat different from that over the Continent. In the cyclone-formation stage, vorticity profile in the west side of the cluster is almost the same as that in the east side. In the both sides, positive vorticity is large in the lower layer (1000-800mb) and is small in the middle layer. At 18GMT 14, the middle-level cyclonic vorticity core of the short wave trough (Fig .   Fig. 9 Distributions of kinematic quantities and calculated rainfall, Rcal around the cloud cluster at 12GMT, 13 July 1979. 2), which is approaching the cloud cluster from the northwest, is about 600km apart from the cluster still. However, the low-level cyclonic vorticity is already formed at the center of the cluster.
These features are commonly found for medium-scale disturbances in the depression-formation process in the Baiu front over the Japan Islands.
b. Divergence and vertical p-velocity it is a common feature found throughout the analysis period, that the level of the maximum convergence shifts to north with height (Figs. 9 and 12). That is, in the southeast side of the cluster, convergence is large at the 850mb level, while in the northwest side of the cluster, convergence is large at the 700mb level. Consequently, an area of strong upward motion at 500mb is formed within the cluster. The air flowing from south and east to the cloud cluster is lifted within the cluster. The core of upward velocity is located in the east Fig. 12 Vertical profiles of divergence, DIV (thick line) and p-velocity, * (broken line) on sub. domains located at the north side (upper figure) and at the south side (lower figure) of the cloud cluster.
side (ahead) of the positive vorticity core. The maximum upward motion is -40*-60mb/ hour. Strong upper-level divergence covers the cluster, and the position of the divergence center agrees with the core of the upward motion. This upper-level divergence is due to the outflow from the top of the cluster. The magnitude of divergence is larger than that of low-level convergence, and the layer of outflow is restricted to a thin layer around the cloud top. The maximum low-level convergence and upward motion in the formation and developing stages of the cluster are *-5* 10-5sec-1 and *-60mb/hour, respectively. This maximum values were observed at 00GMT 14, when rainfall attained *80mm in 6 hours.
c. Temperature and height fields
Temperature and height fields are examined at 12GMT 13 (Fig. 10) , when the cyclonic vorticity in the middle layer attained the maximum. A medium-scale cold low or trough is found just north of the positive vorticity core throughout the whole troposphere.
The amplitude of the disturbance in height is *20gpm at 700mb and *50gpm above 500mb, respectively.
Comparing with temperature in environment, the temperature in the cloud cluster is low by about 2* in the lower troposphere (*700mb), while the temperature is high by about 2* in the upper troposphere (400*200 mb). The maximum amplitudes of the disturbance in height and temperature was observed at 12GMT 13. At present, the mechanism of the cold-core formation is not known. The cooling due to evaporation from precipitating particles may be one of the mechanisms.
Heat and moisture budgets
In this section, heat and moisture budgets of the cloud cluster are analyzed using the upper air observation data, which obtained at 12-hour time interval and *300km spatial interval. Because the horizontal dimension of the cluster is *300km and its propagating speed is 1000km/day, the precise evaluation of each term in the budget equations will be difficult. Even if some errors in quantitative analysis are unavoidable, the examination on the heat and moisture budget situations of the cloud cluster and the time change in the budget situation would be still useful to understand the nature of the cluster. The apparent heat source Q1 and apparent moisture source 1. Typical profiles of Q1 and Q2 at the different evolution stages of the cloud cluster are presented in Fig. 13 . Thermodynamic eq. and continuity eq. of moisture are expressed as follows :
where m is amount of condensed water vapor in unit air mass per unit time. The vertical convergence of convective transfer of total heat energy (Q1+Q2)=-*/*p(*'T+L/Cp*q') was obtained from (3)+ L/Cp*(4), neglecting radiation term, QR. Profiles of (Q1+Q2) are also presented in Fig. 13 .
There are apparent heat source Q 1 and apparent moisture sink Q2 throughout the period. The maximum absolute values of Q1 and Q2 increase from *1K/h at 12GMT 12 to *5K/h at 00GMT 14. The vertical pro-files of (Q1+Q2) are characterized by apparent sink in the lower troposphere and apparent source in the upper troposphere. The maximum total heat energy sink of *3K/h in the 850-700mb layer and source of *+2K/h in the 500-400mb layer are observed at 00GMT 14, around which the cloud cluster brought about the maximum areal-averaged rainfall (see Table 4 ). Eq. (4) is integrated from the top of the troposphere to the surface, where left hand term is amount of condensed moisture in unit air column, the first term of right hand is apparent moisture source in unit air colum and the second is evaporation from unit surface. Discarding evaporation from the underlying surface and transport of water substance in the air, integrated apparent moisture sink must be equal to rainfall ; this quantity is expressed as calculated rainfall amount, Rcal* -Cp/L*PSFC PtopQ2dp/g in this paper . Spatial distribution of Real at 12GMT 13 is presented in Fig. 9 . Spatial distribution of Rcal, agrees well with pattern of p-velocity. The area of calculated rainfall spreads over the cloud cluster and to the southeast of it. The maximum value of Rcal is *5mm/h.
In the area to the south of the cloud cluster rainfall was not observed (see Fig. 11 of Part I). Therefore the moisture sink there implies an increase of the storage of liquid water content in that region or outward transport of the liquid water. Conversely the moisture source in the area of downward motion spreading to the west of the cloud cluster implies evaporation from liquid water which was transported from the area where condensation took place. However, it is not conclusive, because the influence of neglected terms and so on, is contained within the budget calculation.
The areal-averaged value of the calculated rainfall Real over the domain consisting of subdomains in and around the cloud cluster is obtained as Rcal=*Si*Rcali/*Si where Rcali and Si are calculated rainfall and area of these subdomains. The values of Rcal obtained at a 12-hour interval are listed together with areas of the domains *Si in Table 3 . Rob shown in Table 4 is areal average of the observed 6-hour rainfalls.
Positive Rcal indicates that there was moisture sink throughout the whole life of the cloud cluster. The maximum value reaches Table 3 Calculated rainfall. Table 4 Areal-averaged observed rainfall (Rob) associated with the cloud cluster.
*7 mm/h at 00GMT 14. In Part I of this paper, we have analyzed the variation of convective activity within the cloud cluster with about one day period, basing on TBB data. The values of Rcal are *3mm/h at 00GMT 13 and *7mm/h at 00GMT 14, while they are *1mm/h at 12GMT 12 and 12GMT 13. The time variation of Real also indicates the variation in convective activity with about one day period.
Summary and conclusion
A long-lived medium-scale cloud cluster developed in East Asia in the Baiu season has already investigated in Part I of this paper. In Part II, thermal and kinematic properties and heat budget of the cloud cluster have been studied.
As for the cloud cluster located over the Continental China region, the following features were revealed :
1) The environmental air of the cluster has high *, *e and *e in the lower layer (SFC-800mb), large potential instability ((*e/*P)850*500=*3K/100mb) and low relative humidity.
2) Thermodynamic quantities of the cloud cluster showed local variations due to mediumscale advection process and due to convective activity of the cluster. The lower troposphere in the cluster is characterized by large instability ((*e850-*e500)/*=*2K/100mb), and very high relative humidity, though * and *e are nearly equal to those in environment. This is due to the moisture advection in the layer within the cloud cluster.
3) Wind fields in and around the cluster also have localized features. Enhancement of low-level wind in the south side (inflow side) of the cluster, flow with cyclonic curvature at middle levels and enhancement of upper-level wind in the north*northenst side of the cluster are observed. 4) Kinematic properties of the cluster are a medium-scale cyclonic circulation in the lower troposphere just behind (west side) the cluster, an anticyclonic circulation in the upper layer over the cloud cluster and medium-scale upward motion in the cloud cluster. These quantities showed time variations throughout the whole life.
5) When the middle-level cyclonic circulation associated with the cluster was most intense, a medium-scale cold low was found just behind the cloud cluster in the whole depth of the troposphere. 6) Results of heat budget calculations show that an apparent heat source exists in the upper troposphere in the cluster and an apparent moisture sink in the lower troposphere. These also showed significantly large time variation. They reached the maxima at the end of the developing stage of the cloud cluster, when observed rainfall of the cluster attained the maximum. 7) Calculated rainfall (vertically integrated value of the moisture sink) indicates a variation with about one day period. This is consistent with the night-to-morning enhancement of convective activity in the cloud cluster, pointed out in Part I of this paper.
In a word, the thermal and kinematic fields in and around the present cloud cluster over the Continental China region are similar to those of medium-scale cloud clusters developed in the Baiu front over the Japan Islands, though environmental situations were not the same.
In this paper (Part I and Part II), it has been studied the structure and behavior of a Baiu front and an associated medium-scale cloud cluster over the Continental China region. The comparison of them with those over the Japan Islands was also made. By this-study, the synthetic features of the Baiu front over the Continent and over the Japan Islands have been described.
It is also an interesting problem to compare the Baiu frontal cloud cluster with "MCC" of U. S. A. However, the detailed analysis on the "MCC" has not been reported yet , therefore the comparative study is a remaining problem.
